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Description 

[0001] Hie present invention relates to a vascular 
catheter used for intravascular surgical operation, highly 
localized injection of medicine such as anticancer 
drugs, and angiography. 

[0002] Medical treatment using vascular catheters 
is developing to smaller and smaller blood vessels as 
from the heart to the brain. Lesions of the brain blood 
vessels are aneurysm, arteriovenous malformation 
(AVM) and dural arteriovenous fistula (DAVF), for exam- 
ple. Demand for a vascular catheter for treating or 
examining such lesions of blood vessels is more and 
more increasing. 

[0003] A vascular catheter for this purpose must be 
inserted to the intended part of a blood vessel being 
passed in complicatedly bent or branched blood ves- 
sels. 

[0004] For an intravascular surgical operation 
called emboluation technique conducted for treating 
lesions in the brain blood vessels such as aneurysm 
and arteriovenous malformation, for example, the distal 
end of a small -diameter vascular catheter is inserted to 
or near the lesions in the brain. Then, a liquid emboliz- 
ing material such as cyanoacrylate or dimethylsulfoxide 
solution of ethylene-vinyl alcohol copolymer, a granular 
embolizing material such as granules of polyvinyl alco- 
hol) or a expanding member such as coil is injected 
from the distal end of the catheter. 
[0005] For such a small-diameter vascular catheter, 
high manipulability to insert it easily and quickly up to a 
target lesion passing in complicatedly bent or branched 
small blood vessel is required in addition to the chemical 
and biological safety required for common vascular 
catheters. 

[0006] To have high manipulability, a small-diameter 
vascular catheter must have the following four proper- 
ties. 

[0007] The first property is that the catheter can 
convey the pushing force in the direction of the axis 
added to the proximal end portion by the operator up to 
the distal end or has so called pushability. 
[0008] The second property is that the catheter can 
convey the turning force around the axis added to the 
proximal end portion up to the distal end or has so 
called turnability. 

[0009] The third property is that the catheter can be 
advanced in blood vessels along the guide wire inserted 
beforehand easily and without causing damage to the 
wall of the blood vessels or has so called pliability. 
[001 0] The fourth property is that the catheter does 
not kink at bents (curves and crooks) in blood vessels 
after the guide wire is removed or has reluctance to 
kinking. 

[0011] A vascular catheter having a catheter body 
of the double-tube structure made up of a comparatively 
rigid inner tube and a comparatively soft and flexible 
outer tube covering the outside surface of the inner tube 


and having the distal end portion extending beyond the 
distal end of the inner tube and forming the tip of the 
catheter body was developed and currently used. 
[0012] In more detail, U.S. Patent 4,385,635 dis- 

5 closes a vascular catheter in which the inner tube is 
formed of polyamide and the outer tube is formed of 
polyurethane and the distal end portion is tapered so 
that the inner diameter becomes gradually smaller to 
the distal end. This catheter has a problem that it kinks 

10 easily at the boundary between the two-tube portion 
and the single tube portion because of the abrupt 
change of the rigidity at the boundary. 
[001 3] Japanese utility model application published 
under Publication No. 17082/1987 discloses a vascular 

15 catheter which uses the outer tube formed of silicone 
rubber and the inner tube formed of a hard synthetic 
resin selected from among polyethylene, polypropylene, 
fluororesin and hard vinyl chloride. In this catheter, a 
step of the height equal to the wall thickness of the inner 

20 tube is formed in the lumen at the boundary between 
the two-tube portion and the single tube portion. 
Because of the step, this catheter kinks easily at the 
boundary and hence has small reluctance to kinking. 
[0014] Further, a vascular catheter recently put to 

25 practical use which uses the inner tube formed of poly- 
propylene and the outer tube formed of ethylene-vinyl 
acetate copolymer has also the same problem of small 
reluctance to kinking. 

[0015] The object of this invention is to provide a 

30 vascular catheter of a double-tube structure which has 
improved easiness of insertion, flexibility to bend along 
a guide wire or blood vessel, reluctance to kink, and 
manipulability and can be used for small blood vessels. 
[0016] The vascular catheter of the present inven- 

35 tion is a vascular catheter comprising a flexible slender 
catheter body which is made up of an comparatively 
rigid inner tube formed of a synthetic resin and a com- 
paratively soft and flexible outer tube formed of a syn- 
thetic resin covering the outside surface of the inner 

40 tube and has a lumen. Said catheter body has a main 
portion and a tip portion, the main portion of the cathe- 
ter body being made up of the inner and outer tubes. 
The tip of the catheter body is made up of the portion of 
said outer tube extending from the distal end of the 

45 inner tube. At least one helical groove, helical slot, heli- 
cal slit or a number of microholes is formed in the inside 
surface of the distal end portion of the inner tube. 
[0017] The invention will now be further explained 
on hand of the following non limitative examples illus- 

50 trated by the appended drawings on which: 

FIG. 1 is a plan view of an embodiment of the vas- 
cular catheter of an embodiment of the present 
invention. 

55 Fig. 2 is a longitudinal sectional view of the vascular 
catheter shown in Fig. 1. 

Fig. 3 is an enlarged longitudinal sectional view of 
the distal end portion of the vascular catheter 
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shown in Fig. 1. 

Fig. 4 is an enlarged longitudinal sectional view of 

the distal end portion of the vascular catheter of 

another embodiment of the present invention. 

Fig. 5 is an enlarged longitudinal sectional view of s 

the distal end portion of the vascular catheter of 

another embodiment of the present invention. 

Fig. 6 is a partially broken external view of the distal 

end portion of the catheter shown in Fig. 5. 

Fig. 7 is a partially broken external view of the distal 10 

end portion of the vascular catheter of another 

embodiment of the present invention. 

Fig. 8 is a partially broken external view of the distal 

end portion of the vascular catheter of another 

embodiment of the present invention. is 

[001 8] Fig. 1 is a plan view of an embodiment of the 
vascular catheter of the present invention. Fig. 2 is a 
partial longitudinal sectional view of the vascular cathe- 
ter shown in Fig. 1 which shows the proximal and distal 20 
end portions of the catheter. Fig. 3 is an enlarged longi- 
tudinal sectional view of the distal end portion of the 
vascular catheter shown in Fig. 1 with the radial dimen- 
sion enlarged at a larger ratio than the axial dimension 
in order to show the structure clearly. 25 
[001 9] The vascular catheter 1 of the present inven- 
tion comprises a catheter body 2 and a hub 1 1 attached 
to the proximal end 21 of the catheter body 2 as shown 
in Figs. 1 and 2. 

[0020] The catheter body 2 has a lumen 3 formed 30 
from the proximal end 21 to the distal end 22. When the 
vascular catheter 1 is inserted into the blood vessel of a 
patient, a guide wire is passed through the lumen 3. The 
lumen 3 serves as the conduit for medicine or other liq- 
uid after the catheter is inserted. The hub 1 1 serves as 35 
the entrance for a guide wire and the inlet for medicine 
or other liquid into the lumen 3. The hub 1 1 is also used 
as the grip for manipulating the vascular catheter 1. 
[0021] The catheter body 2 consists of a base or 
main portion 6 and a tip portion 7. The main portion 6 40 
has a double-tube structure formed by an inner tube 4 
and an outer tube 5 closely fitted over and bonded to an 
outside surface of the inner tube 4. The tip 7 of the cath- 
eter is formed by the outer tube 5 alone, that is, by a dis- 
tal end portion of the outer tube 5 which extends beyond 45 
a distal or tip end of the inner tube 4. 
[0022] In the embodiment shown in Fig. 3, a helical 
groove 9A is formed in the inside surface of the distal 
end portion of the inner tube 4 over an appropriate 
length from the distal end toward the proximal end. so 
Since the wall thickness of the inner tube 4 is thinner at 
the bottom of the groove 9A and the width of the groove 
9A changes (widens or narrows) when the grooved por- 
tion is subjected to an external force thereby decreasing 
the stress in the wall, the entire grooved portion 55 
becomes more flexible. Therefore, the bending force 
applied to the distal end portion of the catheter when the 
distal end is passed through bends in blood vessel is 


dispersed into a larger portion (the grooved portion) and 
kink at the boundary portion between the comparatively 
rigid main portion 6 of the double-tube structure and the 
comparatively flexible tip 7 of the single-tube structure 
caused by the concentration of stress can be prevented. 
[0023] In the embodiment shown in Fig. 3, the pitch 
of the groove 9A becomes gradually smaller toward the 
distal end 22. By thus forming the groove 9A. the flexi- 
bility of the catheter body 2 increases gradually toward 
the distal end 22, and kink at the aforementioned 
boundary can be prevented with higher reliability. The 
pitch may be uniform throughout the length of the 
groove 9A. 

[0024] The pitch of the helix of the groove 9A is 
preferably smaller than the outer diameter of the inner 
tube 4, and more preferably within the range of about 
2/3 to 1/5 of the outer diameter of the inner tube 4. tf the 
pitch is greater than the outer diameter of the inner tube 
4, bending force is not adequately dispersed, and hence 
kink can occur at the grooved portion against the pur- 
pose. If the pitch is smaller than 1/5 of the outer diame- 
ter of the inner tube 4, on the other hand, the durability 
of the distal end portion of the inner tube 4 noticeably 
decreases and this portion can rupture or break. 
[0025] The pitches of groove 9A is preferably 
smaller at the distal end portion of the groove and larger 
at the proximal end portion, and the pitch more prefera- 
bly becomes gradually smaller toward the distal end. In 
such a way the flexibility of the portion around the distal 
end of the inner tube 4 increases more smoothly toward 
the distal end, which allows this portion of the catheter 
body 2 to bend in smooth curves and thereby improves 
the manipulability of the catheter. 
[0026] The pitch is preferably within the range of 
about 0.1 to 0.5 mm for the distal end portion of the 
groove 9A and about 0.5 to 2.0 mm for the proximal end 
portion. The pitch of the middle portion may be an inter- 
mediate value between the pitches of both end portions 
or may become gradually smaller from the pitch of the 
proximal end portion to that of the distal end portion. 
[0027] The depth of the groove 9A is preferably 
equal to or greater than 50 percent of the wall thickness 
of the inner tube 4 and more preferably equal to or 
greater than 80 percent of the same. The width of the 
groove 9A is preferably about 10 to 100 urn and more 
preferably about 10 to 50 um taking into consideration 
the flexibility and the durability, though there is no defi- 
nite limit. 

[0028] The length of the grooved portion of the 
inner tube 4 is preferably within the range of about 5 to 
20 times the outer diameter of the inner tube 4 and more 
preferably within the range of about 10 to 20 times the 
same. 

[0029] The groove 9A may be formed from the dis- 
tal end of the inner tube 4 or from a position at an appro- 
priate distance from the distal end of the inner tube 4 as 
the groove 9A of the embodiment shown in Fig. 3. The 
distance between the distal end of the inner tube 4 and 
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that of the groove 9A is preferably about 1.0 mm and 
more preferably 0.5 mm. The catheter of this embodi- 
ment has one groove 9A, but two or more grooves may 
be formed the distal end portion of the inner tube. 
[0030] The distal end portion of the inner tube 4 
with the groove 9A formed in the inside surface may not 
be bonded to the inside surface of the outer tube 6. 
When the distal end portion of the inner tube 4 is not 
bonded to the to the outer tube 6 P the distal end portion 
of the catheter body 2 has a higher flexibility. 
[0031 ] In this embodiment, the inner diameter of the 
catheter body 2 (diameter of the lumen 3) is substan- 
tially uniform throughout the length of the main portion 
6. The outer diameter of the catheter body 2, on the 
other hand, is substantially uniform throughout the 
almost entire length of the main portion 6 except the dis- 
tal end portion (an appropriate length of portion from the 
distal end). 

[0032] The distal end portion of the main portion 6 
and the corresponding distal end portion of the inner 
tube 4 become gradually thinner in wall thickness to 
their distal ends so that this portion of the catheter body 
2 gradually tapers to the distal end of the main portion 6 
as shown in Fig. 3. 

[0033] Further, in this embodiment, the distal end of 
the inner tube 4 is formed in a comparatively steep taper 
10, and hence the outer diameter and wall thickness of 
this tapered end become smaller abruptly. It results that 
the inner diameter of this portion of the outer tube 5 
becomes smaller at the large diminishing rate, while the 
outer diameter decreases gradually as described 
above. 

[0034] The tip portion 7 of the catheter 1 is formed 
by the distal end portion of the outer tube 5 which 
extends beyond the distal end of the inner tube 4. The 
outer diameter of the tip 7 becomes gradually smaller 
toward the distal as shown in Fig.1 , and the wall thick- 
ness of the tip 7 also decreases gently toward the distal 
end, as shown in Fig. 3. 

[0035] By thus gently tapering the outside surface 
of the distal end portion of the main portion 6 and tip 7 
toward the distal end along the axis and moreover 
decreasing the wall thickness of these portions of the 
inner and outer tubes 4 and 5 so that the diameter of the 
lumen 3 is substantially uniform or decreases at a 
smaller diminishing rate to the distal end of the catheter, 
the vascular catheter of the present invention has the 
following advantages: the rigidity of the catheter body 2 
smoothly decreases to the distal end, and hence kink at 
the boundary between the tip 7 and the main portion 6 
(boundary between the single-tube and double-tube 
structure portions) can be prevented with higher reliabil- 
ity; no step is formed in the outside surface at the 
boundary between the tip 7 and the main portion 6, and 
accordingly the catheter can be easily inserted into 
blood vessel without being caught by the entrance 
opening of a catheter guide or exerting excessive stimuli 
on the blood vessel or causing damage to the wall of the 


blood vessel; and the lumen 3 has a sufficiently large 
diameter up to the distal end with no narrowing nor step 
in the inside surface at the boundary between the sin- 
gle- and double-tube portions, and hence passing of a 

5 guide wire through the lumen 3 becomes easier and 
kink at the boundary is prevented. 
[0036] The vascular catheter of the present inven- 
tion is not limited to the structure of the catheter body 2 
as described above, particularly as to the shapes of the 

w inner and outer tubes which become smaller at different 
diminishing rates along the axis of the catheter toward 
the distal end. For example, the outer diameter of the 
catheter body 2 may be uniform or may become gradu- 
ally smaller toward the distal end at a uniform diminish- 

15 ing rate, throughout the length of the catheter body 2. 
[0037] When the taper 1 0 is formed at the distal end 
of the inner tube 4 as shown in Fig. 3, the tapered region 
is preferably within the range of about 0.5 to 2.0 mm and 
more preferably within the range of about 0.5 to 1 .0 mm 

20 along the axis of the catheter body. 

[0038] There is no particular limitation on the 
dimensions of the catheter body 2, and the dimensions 
of the catheter body 2 can be determined so as to be 
best suited for the purpose of the catheter. 

25 [0039] For the vascular catheter used for cerebral 
blood vessel, for example, the entire length of the cath- 
eter body 2 is preferably about 50 to 200 cm and more 
preferably about 70 to 150 cm. The length of the tip 7 is 
preferably about 5 to 30 cm and more preferably about 

30 10 to 20 cm. 

[0040] The outer diameter of the catheter body 2 at 
the main portion 6 is preferably within the range of about 
0.6 to 2.0 mm and more preferably within the range of 
about 0.7 to 1 .2 mm. The outer diameter of the tip 7 is 

35 preferably within the range of about 0.3 to 1.0 mm and 
more preferably within the range of about 0.6 to 0.9 mm. 
[0041] The inner diameter of the main portion 6 is 
preferably within the range of about 0.2 to 1.6 mm and 
more preferably within the range of about 0.3 to 0.9 mm. 

40 The inner diameter of the tip 7 is preferably within the 
range of about 0.2 to 0.7 mm and more preferably within 
the range of about 0.3 to 0.6 mm. 
[0042] The wall thickness of the outer tube 5 at the 
main portion 6 is preferably within the range of about 

45 0.05 to 0.3 mm and more preferably within the range of 
about 0.05 to 0.2 mm. The wall thickness of the tip 7 is 
preferably about 0.05 to 0.4 mm and more preferably 
abut 0.07 to 0.3 mm. The wall thickness of the inner 
tube 4 is preferably within the range of about 0.05 to 0.5 

so mm and more preferably within the range of 0.08 to 0.3 
mm. 

[0043] The vascular catheter 30 shown in Rg. 4 has 
another form of the groove in the inner tube. The groove 
31 is a helical groove whose width becomes gradually 
55 larger toward the distal end. By forming such a helical 
groove 31, the flexibility of the portion around the distal 
end of the inner tube 4 increases more smoothly toward 
the distal end, which allows this portion of the catheter 
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body 2 to bend in smooth curves and improves the 
manipulability of the catheter. 
[0044] The width of the groove 31 is appropriately 
determined according to the outer diameter of the inner 
4. In relation to the outer diameter of the inner tube 4, s 
the width of the groove 31 is preferably within the range 
of about 1/2 to 2 times of the outer diameter of the inner 
tube. For a preferred embodiment, the width of the 
groove 31 is preferably within the range of about 1 .0 to 
2.0 mm for the distal end portion of the groove 31 and 10 
about 0.1 to 0.5 mm for the proximal end portion. If the 
width of the groove 31 is within this range, the catheter 
body 2 has adequate flexibility without breaking of the 
inner tube 4 during use. 

[0045] The pitch of the groove 31 is uniform 
throughout the length of the groove 31. The pitch of the 
groove 31 may change along the length of the groove 
and become gradually smaller toward the distal end as 
that of the groove 9A of the embodiment shown in Fig. 
3. The pitch may also become discontinuously smaller 
toward the distal end. 

[0046] The inner tube 4 is preferably formed of a 
comparatively rigid synthetic resin material. The mate- 
rial usable for the inner tube 4 includes synthetic resins 
such as polyolefin (polyethylene, polypropylene, ethyl- 
ene-vinyl acetate copolymer, etc.), polyamide, polyester 
(polyethylene-terephthalate, polybutylene-terephtha- 
late, etc.), polyvinyl chloride), polyurethane. polysty- 
rene resin, fluororesin (polytetrafluoroethylene, etc.) 
and polyimide, and synthetic resin elastomers such as 
silicone rubber, polyamide elastomer, polyester elas- 
tomer, polyvinyl chloride) elastomer and polyurethane 
elastomer. Of these materials, elastomers are prefera- 
ble, and especially polyamide elastomer and polyester 
elastomer are preferable. 

[0047] By using at least one of these materials, the 
inner tube 4 with appropriate flexural elasticity and high 
solvent resistance is prepared. 
[0048] When an elastomer is used, the inner tube 4 
expands or contracts elastically as a spring in the direc- 
tion of the axis and thereby increases the flexural elas- 
ticity of the catheter body 2. The catheter body 2, with 
the increased flexural elasticity, can bend more easily in 
smooth curves along blood vessel, and kink at the 
boundary between the single- and double-tube portions 
is prevented with higher reliability. 
[0049] Further, polyamide elastomer and polyester 
elastomer have comparatively high rigidity at around 
room temperature giving the catheter body 2 higher 
pushability and turnability. and become flexible at 
around body temperature giving catheter body 2 higher 
flexibility and hence improved pliability and reluctance 
to kinking after the catheter is inserted in the body of a 
patient. 

[0050] A typical polyamide elastomer is block copol- 
ymer of nylon 6, nylon 64, nylon 66, nylon 610, nylon 
612, nylon46, nylon 9, nylon 11, nylon 12, N-alkoxyme- 
thyl modified nylon, or aliphatic or aromatic polyamide 


(hexamethylenediamine-isopthalic acid condensation 
polymer, metaxyloldiamine-adipic acid condensation 
polymer, etc.) as the hard segment and a polymer such 
as polyester or polyether as the soft segment. Further, 
polyamide elastomer here includes a polymer alloy (pol- 
ymer blend, graft polymer and random polymer) of the 
above-mentioned polyamide elastomer and one or 
more soft resins, the above-mentioned polyamide sof- 
tened with a plasticizer, and a mixture of them. For the 
plasticizer, one difficult to be extracted with solvents or 
blood is preferable. 

[0051 ] A typical polyester elastomer is block copol- 
ymer of saturated polyester (polyethylene-terephtha- 
late, polybutylene-terephthalate, etc.) and polyester or 
polyether. Further, polyester elastomer here includes a 
polymer alloy of the above-mentioned polyester elas- 
tomer and one or more soft resins, the above-men- 
tioned polyester softened with a plasticizer, and a 
mixture of them. 

[0052] Various additives such as alloying agent, 
compatibilizer, hardening agent, softening agent, stabi- 
lizer and coloring agent may be added to the above- 
mentioned elastomers if necessary. 
[0053] A thermoplastic elastomer is preferable, 
because forming of the inner tube 4 is easier. 
[0054] The inner tube 4 is normally formed of a uni- 
form material for the whole, but may be formed of differ- 
ent materials for appropriately determined portions. 
[0055] The outer tube 5 is preferably formed of a 
comparatively soft synthetic resin material than the syn- 
thetic resin material of the inner tube 4. The outer tube 
5 is preferably more soft than the inner tube 4. 
[0056] The resin material usable for the outer tube 5 
includes synthetic resins such as polyolefin (polyethyl- 
ene (especially low density polyethylene), polypropyl- 
ene, ethylene-vinyl acetate copolymer, etc.), polyamide, 
polyester (polyethylene-terephthalate, polybutylene- 
terephthalate, etc.), polyurethane, polystyrene resin, 
fluororesin (polytetrafluoroethylene, etc.) and polyimide, 
and synthetic resin elastomers such as above-men- 
tioned polyamide elastomer, above-mentioned polyes- 
ter elastomer, polyurethane elastomer, poly(vinyl 
chloride) elastomer, polystyrene elastomer, fluoroelas- 
tomer, silicone rubber and latex robber. 
[0057] In these materials, elastomers are prefera- 
ble, and especially polyamide elastomer and polyester 
elastomer are preferable. The most preferable elas- 
tomer is polyester elastomer. 
[0058] A thermoplastic elastomer is preferable, 
because forming of the outer tube 5 is easier. 
[0059] By using at least one of these materials, the 
outer tube 5 with softness, appropriate flexural elasticity 
and high solvent resistance is prepared. 
[0060] The outer tube 5 is normally formed of a uni- 
form material for the whole, but may be formed of differ- 
ent materials for appropriately determined portions. 
[0061] The rigidity (buckling strength) (ASTM D- 
790, at 23°c) of the material for the inner tube 4 is pref- 
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erably within the range of 1.500 to 15,000 kg/cm 2 and 
more preferably 2,000 to 8,000 kg/cm 2 . If the buckling 
strength of the material is less than 1,500 kg/cm 2 , the 
catheter body 2 is too flexible to convey pushing force in 
the direction of the axis and turning force around the 
axis from the proximal portion to the distal end 22. On 
the other hand, if the buckling strength is greater than 
15,000 kg/cm 2 , the catheter body 2 is too rigid to bend 
flexibly along the guide wire and exerts excessive force 
on the wall of blood vessel. Further, the difference 
between the rigidity of the single-tube and double-tube 
portions increases and the reluctance to kinking at the 
boundary portion becomes too low. 
[0062] The rigidity (buckling strength) (ASTM D- 
790, at 23°c) of the material for the outer tube 5 is pref- 
erably within the range of 5 to 1,500 kg/cm 2 and more 
preferably 300 to 800 kg/cm 2 . If the buckling strength of 
the material is less than 5 kg/cm 2 , the catheter body 2 is 
too flexible to convey pushing force in the direction of 
the axis and turning force around the axis from the prox- 
imal portion to the distal end 22. Further, the difference 
between the rigidity of the single- and double-tube por- 
tions increases and the reluctance to kinking at the 
boundary becomes too low. 

[0063] The difference between the rigidity {buckling 
strength) (ASTM D-790, at 23 °c) of the materials for the 
inner and outer tubes 4 and 5 is preferably within the 
range of 100 to 14,000 kg/cm 2 and more preferably 100 
to 3,000 kg/cm 2 . 

[0064] In the catheter of this embodiment, substan- 
tailly the entire outside surface of the inner tube 4 is in 
close contact with and bonded to the inside surface of 
the outer tube 5. The methods usable for bonding the 
inner tube 4 and the outer tube 5 are adhering with an 
adhesive or solvent, welding by heating, and inserting 
the inner tube 4 into the outer tube 5 swollen with a sol- 
vent, for example. Although the inner tube 4 is entirely 
bonded to the outer tube 5 in this embodiment, the distal 
end portion (grooved portion) of the inner tube 4 may 
not be bonded to the outer tube 5. The method for bond- 
ing the inner tube 4 and the outer tube 5 without bond- 
ing the distal end portion of thef inner tube 4 is 
subjecting the inner and outer tubes 4 and 5 to the 
bonding process after applying to the distal end portion 
of the inner tube 4 an appropriate substance (such as 
silicone, for example silicone oil) which prevents the 
tubes from bonding together. 
[0065] The outside surface of the catheter body 2 is 
preferably coated with a hydrophiiic (or water soluble) 
high-molecular substance. The hydrophiiic substance 
becomes lubricous and decreases the coefficient of fric- 
tion between the catheter body 2 and blood vessel when 
it comes into contact with blood or physiologic saline, 
significantly increasing the easiness of insertion, flexibil- 
ity to bend along a guide wire or blood vessel, reluc- 
tance to kink of the catheter body 2. 
[0066] For the hydrophiiic high-molecular sub- 
stance for this purpose, the following natural and syn- 
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thetic high-molecular substances and their derivatives 
can be used. 

< Natural High-Molecular Substance > 
[0067] 

1. Starch related substance 

Example: Carboxymethyl starch, Dialdehyde starch 

2. Cellulose related substance 

Example: CMC (Carboxymethyl cellulose), MC 
(Methyl cellulose), HEC (hydroxyethyl cellulose), 
HPC (hydroxypropyl cellulose) 

3. Tannin and lignin and related substance 
Example: Tannin, Lignin 

4. Polysaccharide related substance 

Example: Alginic acid, Gum arabic, Gua gum, Tra- 
gacanth gum 

5. Protein 

Example: Gelatin, Casein, Glue, Collagen 
(Synthetic Water-Soluble High-Molecular Substance) 
[0068] 


1 . PVA related substance 
Example: Polyvinyl alcohol) 

2. Polyethylene oxide related substance 
Example: Polyethylene oxide, Polyethylene glycol 

30 3. Acrylic acid related substance 
Example: Polyacrylic acid soda 
4. Maleic anhydride related substance 
Example: Methyl vinyl ether-maleic anhydride 
copolymer 

35 5. Phthalic acid related substance 

Example: Polyhydroxyethyl-phthalic acid ester 

6. Water-soluble polyester 

Example: Polydimethylol-propionic acid ester 

7. Ketone aldehyde resin 

40 Example: Methylisopropylketone-formaldehyde 
resin 

8. Acrylamide 
Example: Polyacrylamide 

9. PVP 

45 Example: Polyvinyl pyrrolidone) 

10. Polyamine 

Example: Polyethyleneimine 
.11. Polyelectrolyte 
Example: Polystyrene sulfonate 
so 12. Others 

Example: Water-soluble nylon 

[0069] Of the above substances, cellulose-derived 
high-molecular substance (hydroxypropyl cellulose, for 
55 example), polyethylene oxide-derived high -molecular 
substance (polyethylene glycol, for example), maleic 
anhydride-derived high-molecular substance (maleic 
anhydride copolymer such as methyl vinyl ether-maleic 
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anhydride copolymer), acrylamide-derived high-molec- 
ular substance (polyacrylamide. for example), water- 
soluble nylon (AQ-nylon P-70 from Toray, for example) 
are preferable, because a small coefficient of friction is 
obtained stably. s 
[0070] Derivatives of the above high-molecule sub- 
stances usable for this friction reduction are not limited 
to water-soluble derivatives only and may be insoluble 
derivatives which have each of the above hydrophilic 
high-molecule substances as their basic structure and a 10 
degree of freedom in molecular chains to contain com- 
bined water. 

[0071] Therefore, derivatives usable for the friction 
reduction include ester, salt, amide, anhydride, halide, 
ether, hydrolysate, acetal, formal, alkylol. quaternary is 
compound, diazo, hydrazide, sulfonated compound, 
nitro and ion complex obtained by condensation, addi- 
tion, substitution, oxidation and reduction reaction, com- 
pound produced by cross-linking with substances which 
have more than two reactive functional groups such as 20 
diazonium group, azido group, isocyanate group, acid 
chloride group, acid anhydride group, imino carbonate 
group, amino group, carboxyl group, epoxy group, 
hydroxyl group and aldehyde group, vinyl compound, 
and compound obtained by copolymerization with 25 
acrylic acid, methacrylic acid, diene compound and 
maleic anhydride. 

[0072] The coating of such a hydrophilic high- 
molecular substance is preferably fixed to the outside 
surface of the catheter body 2 by bonding the high- 20 
molecular substance with the reactive functional group 
which exists or is introduced in the catheter body 2 or on 
the surface of the catheter body 2 by covalent bond. By 
thus fixing the coating of a hydrophilic high-molecular 
substance to the outside surface of the catheter body 2, 35 
a durable lubricous surface is obtained. 
[0073] The reactive functional group which exist or 
is introduced in the catheter body 2 or on the surface of 
the catheter body 2 may be any group which reacts with 
the high-molecular substance to bond or cross link, 40 
such as diazonium group, azido group, isocyanate 
group, acid chloride group, acid anhydride group, imino 
carbonate group, amino group, carboxyl group, epoxy 
group, hydroxyl group and aldehyde group. Isocyanate 
group, amino group, epoxy group and hydroxyl group 45 
are preferable. 

[0074] The average molecular weight of the 
hydrophilic high-molecular substance used for the fric- 
tion reduction is preferably within the range of 30,000 to 
50,000, though there is no particular limit. By using a so 
hydrophilic high-molecular substance of an average 
molecular weight within this range, a lubricous coating 
with a high lubricity, a preferable thickness, and a pref- 
erable degree of swelling when containing water can be 
formed. 55 
[0075] The thickness of the lubricous coating is 
preferably within the range of 0.1 to 100 urn and more 
preferably 1 to to 30 pm, though there is no particular 


limit. 

[0076] For the composition of the hydrophilic high- 
molecular substance used and the method for forming 
the coating, those disclosed by Japanese patent appli- 
cation laid open under Provisional Publication No. 
106778/1978. U.S. Patent No. 4100309, Japanese pat- 
ent application laid open under Provisional Publication 
No. 259269/1985, and Japanese patent application 
published under Publication No. 33181/1989 can be 
used. 

[0077] Next, the vascular catheter of the embodi- 
ment shown in Fig. 5 is described. 
[0078] Fig. 5 is an enlarged cross-sectional view of 
the distal end portion of the vascular catheter of another 
embodiment of the present invention. Fig. 6 is a partially 
broken external view of the distal end portion of the vas- 
cular catheter shown in Fig. 5. The same parts as those 
of the catheter shown in Fig. 3 are designated by the 
same numerals and the description of them is omitted. 
[0079] The catheter 40 has almost the same struc- 
ture as the catheter 1 shown in Fig. 3. The difference 
between their structures is that the catheter 40 has a 
helical slit or slot 9B instead of the helical groove 9A of 
the catheter 1 . The helical slot 9B is formed through the 
wall of the inner tube 4 from the inside surface to the 
outside surface. Since the width of the slot 9B can 
change more easily than that of the groove 9A, the flex- 
ibility of the portion provided with the helical slot 9B is 
greater than that of the portion provided with the helical 
groove 9A as shown in Fig. 3, though the strength 
becomes smaller. 

[0080] The width of the helical slot 9B of the cathe- 
ter 40 of this embodiment is appropriately determined 
by taking into account the outer diameter of the inner 
tubes 4. It is preferably within the range of about 1/5 to 
2 times of the outer diameter of the inner tube 4. For a 
preferred embodiment, the width of the slot 9B is prefer- 
ably within the range of about 0. 1 to 2.0 mm. If the width 
of the slot 9B is within this range, the catheter has ade- 
quate flexibility without occurrence of breaking of the 
inner tube 4 during use. 

[0081] The pitch of the slot 9B becomes gradually 
smaller toward the distal end as shown in Figs. 5 and 6. 
The pitch of the slot 9B may become discontinuously 
smaller toward the distal end. 
[0082] The slot may also have the shape as that of 
the slot 51 of the catheter 50 shown in Fig.7. In this 
embodiment, the width of the slot 51 is greater at the 
distal end portion of the slot 51 and smaller at the prox- 
imal end portion. By forming the slot in this shape, the 
flexibility of the portion provided with the slot increases 
gradually toward the distal end, and hence the portion 
around the distal end of the inner tube 4 bend more eas- 
ily in smooth curves to improve the manipul ability of the 
catheter. 

[0083] The width of the helical slot 51 of the cathe- 
ter 50 is determined by taking into account the diameter 
of the inner tube 4 and other factors. The width of the 
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slot is preferably within the range of about 1/2 to 2 times 
of the outer diameter of the inner tube 4. For a preferred 
embodiment, the width of the slot 51 is preferably within 
the range of about 1 .0 to 2.0 mm for the distal end por- 
tion and within the range of about 0.1 to 0.5 mm for the 
the proximal end portion. If the width of the slot is within 
this range, the catheter has adequate flexibility and 
there is no occurrence of breaking of the inner tube 4 
during use. 

[0084] Trie pitch of the slot 51 is uniform throughout 
the length of the slot. The pitch of the slot 51 may 
become gradually smaller toward the distal end as that 
of the slot 41 of the embodiment shown in Fig. 6 or may 
become discontinuously smaller toward the distal end. 
The catheters 40 and 50 has one slot 41 or 51 , but two 
or more slot may be formed the distal end portion of the 
inner tube. 

[0085] Next, the vascular catheter of the embodi- 
ment shown in Fig. 8 is described. 
[0086] Fig. 8 is an enlarged partially-broken exter- 
nal view of the distal end portion of another embodiment 
of the vascular catheter of present invention. The same 
parts as those of the catheter shown in Fig. 3 are desig- 
nated by the same numerals and the description of 
them is omitted. 

[0087] The vascular catheter 70 has almost the 
same structure as the catheter 1 shown in Fig. 3. The 
difference between their structures is that the catheter 

70 has a number of microholes 71 in the distal end por- 
tion of the inner tube 4 instead of the helical groove 9A 
of the catheter 1 shown in Fig. 3. 

[0088] The diameter of the microholes is deter- 
mined taking into account the number of microholes 71 , 
the outer diameter of the inner tube 4 and other factors. 
The diameter of the microholes 71 is preferably within 
the range of about 0.1 to 0.4 mm and more preferably 
within the range of about 0.2 to 0.3 mm. Relatively to the 
outer diameter of the inner tube 4, the diameter of the 
microholes 71 is preferably within the range of about 
1/10 to 1/3 of the outer diameter of the inner tube 4. 
[0089] The distance between the microholes 71 is 
preferably about 0.1 to 0.5 mm when the microholes 71 
are formed in a uniform density. 
[0090] The length from the distal end of the inner 
tube 4 of the region where the microholes 71 are formed 
is determined taking into account the length of the cath- 
eter, and preferably within the range of about 5 to 20 
mm and more preferably within the range of about 1 0 to 
20 mm. 

[0091] The density of the microholes 71 is prefera- 
bly greater at the distal end portion than at the proximal 
end portion of the region provided with the microholes 
71, and more preferably the density of the microholes 

71 becomes gradually greater toward the distal end as 
shown in Fig. 8. 

[0092] When forming the microholes 71 at different 
densities along the axis, the distance between the 
microholes 71 is preferably within about 0.1 to 0.2 mm 


for the distal end portion and about 0.3 to 0.5 mm for the 
proximal end portion. The density may increase discon- 
tinuously or gradually toward the distal end. 
[0093] Further, instead of changing the density of 

5 the microholes 71, the diameter of the microholes 71 
may be changed so that the diameter of the microholes 
at the distal end portion is greater than that of the micro- 
holes at the proximal end portion. 
[0094] The shape of the microholes 71 need not be 

10 a circle and may be an ellipse (ellipse elongated in the 
direction of the axis, for example) or a polygon (rectan- 
gle or pentagon, for example). 
[0095] The area of each microhole is preferably 
within the range of about 0.007 to 0. 1 3 mm 2 and the dis- 

15 tance between microholes is preferably within the range 
of about 0.1 to 0.5 mm. 

[0096] Although the present invention is described 
above with reference to the embodiments shown in the 
drawings, the present invention is not limited to the 

20 structures of those embodiments and includes various 
modifications and variations. For example, the distal 
end portion of the inner tube 4 may be made of a mate- 
rial more elastic than that of the other portion of the 
inner tube 4 in order to increase the flexibility of that por- 

25 tion of the inner tube 4. 

[0097] Further, the groove, slot, slit, microholes in 
the inner tube 4 may be filled with the resin material of 
the outer tube 5, though it is preferable that they are 
substantially left unfilled, more preferable that they 

30 make spaces. The groove, slot, slit or microhole of the 
inner tube forms a space in the inner tube as showm in 
Figures. 

[0098] Next, examples of the vascular catheter of 
present invention are described below in detail. 

35 

Example 1 

[0099] A tubing for the inner tube 4 was formed of a 
polyamide elastomer which is copolymer of polytetram- 

40 ethyleneglycol and nylon 12 (Product Name Pebax 
7033, Toray Corporation, Buckling strength: 4390 
kg/cm 2 (ASTM D-790 at 23 °c)). The outer tube 5 was 
formed of a polyester elastomer which is copolymer of 
polytetramethyleneoxide and polybutyleneterephthalate 

45 (Product Name Hytrel 4077, Toray corporation, Buckling 
strength: 720 kg/cm 2 (ASTM D-790 at 23 °c)). 
[0100] One end portion of the tubing for the inner 
tube 4 was heated and drawn into a tapered shape with 
the outer diameter becoming gradually smaller toward 

so the end. 

[0101] The end portion of this tapered portion was 
put over a screw having a projecting helical rib and 
heated from the outside, and the screw was pulled off. 
Thus a helical groove 9A extending in the direction of 
55 the axis was formed in the inside surface of the inner 
tube 4. 

[0102] The groove 9A was 0.35 mm in width and 
0.06 mm in depth on average. The beginning end of the 
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groove 9A was 1 .0 mm from the distal end (the end of 
the tapered portion) of the inner tube 4. The length of 
the grooved portion was 10 mm. The pitch of the helix 
was 0.30 mm at the most distal side and 0.60 mm at the 
most proximal side and became gradually smaller 5 
toward the distal end. 

[0103] The inner tube 4 prepared as above was 
inserted into the outer tube 5, and both tubes were 
bonded together by heating. Thus a catheter body 2 of 
the structure as shown in Fig. 3 was made. 10 
[0104] Finally, a hub 1 1 was attached to the proxi- 
mal end 21 of the catheter body 2, and the first example 
of the vascular catheter of the present invention was 
made. 

[01 05] The dimensions of the catheter body 2 were 15 
as follows. 

Overall length of the catheter body: 150 cm 

Length of the main portion: 130 cm 

Length of the tip portion: 20 cm 20 

Outer diameter of the catheter body: 

From the proximal end to 120 cm: 1 .1 mm 
From 120 cm to 130 cm: Gradually decreases 
from 1 .1 mm to 1 .0 mm. 25 
From 130 cm to the tip end: Gradually 
decreases from 1 .0 to 0.75 mm. 

Inner diameter of the catheter body: 

30 

Main portion: 0.65 mm 

Tip portion: Gradually decreases from 0.65 mm 
to 0.55 mm 

Wall thickness of the inner tube: 35 

From the proximal end to 120 cm: 0.14 mm 
From 120 cm to 129.9 cm: Gradually 
decreases from 0.14 mm to 0.08 mm. 
From 129.9 cm to the tip end: Decreases from 40 
0.08 to 0 mm. 

Example 2 

[0106] Another catheter body of the vascular cathe- 45 
ter of the present invention was made in the same man- 
ner as example 1 , except that a helical slot as shown in 
Fig. 5 instead of the helical groove was formed. Finally, 
a hub 11 was attached to the proximal end 21 of the 
catheter body 2, and the second example of the vascu- so 
lar catheter of the present invention was made. 
[0107] The helical slot was 0.35 mm in width on the 
average. The beginning end of the slot was 1 .0 mm from 
the distal end of the inner tube 4. The length along the 
axis of the portion provided with the helical slot was 10 ss 
mm. The pitch of the helix was 0.30 mm at the most dis- 
tal side and 0.60 mm at the most proximal side and 
became gradually smaller toward the distal end. 


Comparison Example 

[0108] A vascular catheter for comparison was 
made in the same manner as in example 1, except that 
no groove was formed in the inner tube. 

Test 

[0109] The vascular catheters of examples 1 and 2 
and the comparison example were subjected to the fol- 
lowing bending test to examine the reluctance to kink at 
the boundary between the single-tube and double-tube 
structures. 

[01 1 0] The boundary portion of the catheter body of 
each catheter was pressed around cylinders of different 
outer diameters in water at 37 °c to bend at the curva- 
ture of the each cylinder, and the diameter of the cylin- 
der when folds occurred in the catheter body was 
measured (the measurement was repeated 5 times). 
[01 1 1 ] The test result is shown in Table 1 . 


Table I 



Folds Occurred in Cathe- 
ter Body 

Example 1 

5.0 mm 

Example 2 

4.5 mm 

Com. Ex. 

7.0 mm 


[0112] It is known from Table 1 that the vascular 
catheters of the present invention of examples 1 and 2 
endure bending of greater curvature than the catheter of 
the comparison example and have a higher reluctance 
to kink. 

[01 1 3] As described above, the vascular catheter of 
this invention can bend more easily along a guide wire 
and blood vessels than conventional catheters because 
of the structure of the catheter body having the proximal 
main portion made up of double tubes and the distal tip 
made up of a single tube and the higher flexibility of the 
distal end portion of the inner tube increased by a heli- 
cal groove, a helical slot, a helical slit or microholes. The 
vascular catheter of this invention hence has a higher 
reluctance to kicking, exerts smaller stimuli on blood 
vessels, causes less damage to the wall of blood ves- 
sels, improved manipulability, and higher safety than 
conventional catheters. 

Claims 

1 . A vascular catheter (1 ,30,40,50) comprising a flexi- 
ble slender catheter body (2) which is made up of 
an comparatively rigid inner tube (4) formed of a 
synthetic resin and a comparatively soft and flexible 
outer tube (5) formed of a synthetic resin covering 
the outside surface of the inner tube (4) and has a 
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main portion (6), tip portion (7) and a lumen (3), 

said main portion (6) of said catheter body 
being made up of said inner tube and said 
outer tube, 5 
said tip (7) of said catheter body being made up 
of the portion of said outer tube (5) which 
extends from the distal end of said inner tube 
(4), characterized in that 

at least one helical groove (9A.31) helical slot 10 
(9B.51 ) or helical slit is formed in the inside sur- 
face of the distal end portion of the inner tube 
(4) extending from or from near the distal end 
to an appropriate position in the direction of the 
axis so as to increase flexibility of the distal end is 
portion of the inner tube (4). 

2. The vascular catheter of claim 1 wherein said outer 
tube (5) is formed of a synthetic resin softer than 
the synthetic resin of which said inner tube (4) is 20 
formed. 

3. The vascular catheter of claim 1 or 2 wherein said 
synthetic resin for both or either one of said inner 
and outer tubes is a synthetic resin elastomer. 25 

4. The vascular catheter of. any preceding claim 
wherein the pitch of said helical groove, helical slot 
or helical slit becomes gradually smaller toward the 
distal end. 30 

5. The vascular catheter of any preceding claim 
wherein the width of said helical groove, helical slot 
or helical slit becomes gradually greater toward the 
distal end. 35 

6. The vascular catheter of any preceding claim 
wherein said catheter is a brain blood vessel cathe- 
ter. 

40 

7. The vascular catheter of any preceding claim 
wherein said groove, slot or slit forms a space in 
said inner tube. 

8. A vascular catheter comprising a flexible slender 45 
catheter body which is made up of a comparatively 
rigid inner tube (4) formed of a synthetic resin and a 
comparatively soft and flexible outer tube formed of 

a synthetic resin covering the outside surface of the 
inner tube (4) and has a main portion (6), tip portion so 
(7) and a lumen (3), 

said main portion (6) of said catheter body 
being made up of said inner tube and said 
outer tube, 55 
said tip (7) of said catheter body being made up 
of the portion of said outer tube (5) which 
extends from the distal end of said inner tube 


(34), characterized in that 
a number of microholes are provided only 
through the wall of the inner tube in the distal 
end portion of the inner tube so as to increase 
flexibility of the distal end portion of the inner 
tube (4). 

9. The vascular catheter of claim 8 wherein said syn- 
thetic resin for both or either one of said inner and 
outer tubes is a synthetic resin elastomer. 

10. The vascular catheter of claim 8 or 9 wherein the 
density of the microholes is greater at the distal end 
side than at the proximal end side. 

11. The vascular catheter of claim 8 or 9 wherein the 
area of the microholes is greater at the distal end 
side than at the proximal end side. 

12. The vascular catheter of any of claims 8 to 11 
wherein said catheter is a brain blood vessel cathe- 
ter. 

13. The vascular catheter of any of claims 8 to 12 
wherein said microholes form spaces in said inner 
tube. 

14. The vascular catheter of any of claims 8 to 13 
wherein said outer tube is formed of a synthetic 
resin softer than the synthetic resin of which said 
inner tube is formed. 

Patentanspruche 

1. Vaskuiarer Katheter (1, 30, 40, 50), umfassend 
einen flexiblen, schmalen KatheterkCrper, welcher 
aufgebaut ist aus einem vergleichsweise steifen, 
aus einem Kunstharz bestehenden inneren Rohr 
(4) und einem vergleichsweise weichen und flexi- 
blen, aus einem Kunstharz bestehenden auBeren 
Rohr (5), welches die AuBenfiache des inneren 
Rohrs (4) bedeckt, wobei der KatheterkGrper einen 
Hauptabschnitt (6), einen Spitzenabschnitt (7) und 
ein Lumen (3) umfaBt, wobei 

der Hauptabschnitt (6) des Katheterkdrpers 
aus dem inneren Rohr und dem auBeren Rohr 
aufgebaut ist, 

die Spitze (7) des Katheterkflrpers aus dem 
Abschnitt des auBeren Rohrs (5) aufgebaut ist, 
welcher sich ausgehend von dem distalen 
Ende des inneren Rohrs (4) erstreckt, dadurch 
gekennzeichnet. daB 

zumindest eine schraubenfflrmige Vertiefung 
(9A, 31), einen schraubenfOrmigen Spalt (9B, 
51) bzw. ein schraubenfOrmiger Schlitz in der 
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Innenflache des distalen Endabschnitts des 
inneren Rohrs (4) ausgebildet ist, welche bzw. 
welcher sich von bzw. nahe von dem distalen 
Ende zu einer geeigneten Position in Axialrich- 
tung erstreckt, so daB sich die Flexibility des 
distalen Endabschnitts des inneren Rohrs (4) 
erhOht. 

2. Vaskularer Katheter nach Anspruch 1, wobei das 
auBere Rohr (5) aus einem Kunstharz besteht, wel- 
ches weicher ist als das Kunstharz, aus welchem 
das innere Rohr (4) besteht. 

3. Vaskularer Katheter nach Anspruch 1 oder 2, wobei 
das Kunstharz sowohl fur das innere als auch das 
auBere Rohr oder for eines der beiden Rohre ein 
Kunstharzelastomer ist. 

4. Vaskularer Katheter nach einem beliebigen vorher- 
gehenden Anspruch, wobei die GanghOhe der 
schraubenfOrmigen Vertiefung, des schraubenfflr- 
migen Spalts bzw. des schraubenfOrmigen Schlit- 
zes hin zu dem distalen Ende allmahlich geringer 
wird. 

5. Vaskularer Katheter nach einem beliebigen vorher- 
gehenden Anspruch, wobei die Breite der schrau- 
benfermigen Vertiefung, des schraubenfOrmigen 
Spalts bzw. des schraubenfOrmigen Schlitzes hin 
zu dem distalen Ende allmahlich grOBer wird. 

6. Vaskularer Katheter nach einem beliebigen vorher- 
gehenden Anspruch, wobei der Katheter ein 
GehirnblutgefaB-Katheter ist. 

7. Vaskularer Katheter nach einem beliebigen vorher- 
gehenden Anspruch, wobei die Vertiefung, der 
Spalt bzw. der Schlitz in dem inneren Rohr einen 
Zwischenraum bildet. 

8. Vaskularer Katheter, umfassend einen flexiblen, 
schmalen KatheterkOrper, welcher aufgebaut ist 
aus einem vergleichsweise steifen, aus einem 
Kunstharz bestehenden inneren Rohr (4) und 
einem vergleichsweise weichen und flexiblen, aus 
einem Kunstharz bestehenden auBeren Rohr, wel- 
ches die AuBenflache des inneren Rohrs (4) 
bedeckt, wobei der KatheterkOrper einen Hauptab- 
schnitt (6), einen Spitzenabschnitt (7) und ein 
Lumen (3) aufweist, wobei 

der Hauptabschnitt (6) des KatheterkOrpers 
aus dem inneren Rohr und dem auBeren Rohr 
aufgebaut ist, 

die Spitze (7) des KatheterkOrpers aus dem 
Abschnitt des auBeren Rohrs (5) aufgebaut ist, 
welcher sich ausgehend von dem distalen 


Ende des inneren Rohrs (34) erstreckt, 
dadurch gekennzeichnet, daB 

eine Anzahl von MikrolOchern lediglich durch 
5 die Wand des inneren Rohrs in dem distalen 

Endabschnitt des inneren Rohrs vorgesehen 
sind, so daB sich die Flexibility des distalen 
Endabschnitts des inneren Rohrs (4) erhOht. 

10 9. Vaskularer Katheter nach Anspruch 8, wobei das 
Kunstharz sowohl fur das innere als auch das 
auBere Rohr oder for eines der beiden Rohre ein 
Kunstharzelastomer ist. 

is 1 0. Vaskularer Katheter nach Anspruch 8 oder 9. wobei 
die Dichte der MikrolOcher an der Seite des distalen 
Endes hflher ist als an der Seite des proximalen 
Endes. 

20 11. Vaskularer Katheter nach Anspruch 8 oder 9, wobei 
die Flache der MikrolOcher auf der Seite des dista- 
len Endes grGBer ist als auf der Seite des proxima- 
len Endes. 

25 12. Vaskularer Katheter nach einem der AnsprOche 8 
bis 11, wobei der Katheter ein GehirnblutgefaB- 
Katheter ist. 

13. Vaskularer Katheter nach einem der AnsprOche 8 
30 bis 12, wobei die MikrolOcher in dem inneren Rohr 

Zwischenraume bilden. 

14. Vaskularer Katheter nach einem der AnsprOche 8 
bis 13, wobei das auBere Rohr aus einem Kunst- 

35 harz besteht, welches weicher ist als das Kunst- 
harz, aus welchem das innere Rohr besteht. 

Revendications 

40 1 . Catheter vasculaire comprenant un corps de cathe- 
ter effile et souple qui est constitue d'un tube int6- 
rieur (4) relativement rigide en resine synthetique et 
d'un cube exterieur (5) relativement mou et souple 
en resine synthetique recouvrant la surface exte- 

45 rieure du tube interieur (4) et comportant une partie 
principle (6), une partie formant bout (7) et une 
lumiere (3), 

ladite partie principale (6) dudit corps de cathe- 
50 ter etant constitute dudit tube interieur et dudit 

tube exterieur, 

ledit bout (7) dudit corps de catheter etant 
constitu6 de la partie dudit tube exterieur (5) 
qui s'etend depuis I'extremite distale dudit tube 
55 interieur (4), caracterise en ce que 

au moins une rainure helicoTdale (9A, 31), 
encoche helicoTdale (9B, 51) ou fente helicoT- 
dale est realisee dans la surface interieure de 
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I'extremite distale du tube interieur (4) s*6ten- 
dant depuis I'extremite distale, ou depuis !e voi- 
sinage de celle-ci, jusqu'& une position 
appropri6e dans la direction de I'axe afin 
d'accroTtre la souplesse de I'extremite distale 
du tube interieur (4). 

2. Catheter vasculare selon la revendication 1, dans 
lequel ledit tube exterieur (5) est fait d'une r6sine 
synthetique plus molle que la r6sine synthetique 
dont est fait ledit tube interieur (4). 

3. Catheter vasculaire selon la revendication 1 ou 2, 
dans lequel ladite r6sine synthetique est une r6sine 
6lastomere synthetique. 

4. Catheter vasculaire selon Tune quelconque des 
revendications pr6c6dentes, dans lequel le pas de 
ladite rainure heiicoidale, encoche heiicoidale ou 
fente heiicoidale diminue graduellement vers 
I'extremite distale. 

5. Catheter vasculaire selon I'une quelconque des 
revendications pr6cedentes, dans lequel la largeur 
de ladite rainure heiicoidale, encoche heiicoTdale 
ou fente heiicoidale croTt graduellement vers I'extre- 
mite distale. 

6. Catheter vasculaire selon I'une quelconque des 
revendications pr6c6dentes, dans lequel ledit 
catheter est un catheter pour vaisseaux sanguins 
du cerveau. 


rieur (4). 

9. Catheter vasculaire selon la revendication 8, dans 
lequel ladite resine synthetique des deux tubes 

5 int6rieur et exterieur, ou de I'un de ces deux tubes, 
est une r6sine 6lastom6re synthetique. 

10. Catheter vasculaire selon la revendication 8 ou 9, 
dans lequel la density de microtrous est plus 

10 grande du cdt6 de I'extremite distale que du cdte de 
I'extremite proximale. 

11. Catheter vasculaire selon la revendication 8 ou 9, 
dans lequel la superficie des microtrous est plus 

is grande du c6t6 de I'extremite distale que du c6t6 de 
I'extremite proximale. 

12. Cath&er vasculaire selon I'une quelconque des 
revendications 8 & 1 1 , dans lequel ledit catheter est 

20 un catheter pour vaisseaux sanguins du cerveau. 

13. Catheter vasculaire selon I'une quelconque des 
revendications 8 & 12, dans lequel iesdits micro- 
trous forment des espaces dans ledit tube interieur. 

25 

14. Catheter vasculaire selon I'une quelconque des 
revendications 8 d 13, dans lequel ledit tube exte- 
rieur est fait d'une resine synthetique plus molle 
que la r6sine synthetique dont est fait ledit tube 

30 interieur. 


7. Catheter vasculaire selon I'une quelconque des 
revendications pr6cedentes, dans lequel ladite rai- 35 
nure, encoche ou fente forme un espace dans ledit 
tube interieur. 


8. Catheter vasculaire comprenant un corps de cathe- 
ter effiie et souple qui est constitue d'un tube inte- 40 
rieur (4) relativement rigide en r6sine synthetique et 
d'un tube exterieur relativement mou et souple en 
resine synthetique recouvrant la surface exterieure 
du tube interieur (4) et comportant une partie prin- 
cipal (6), une partie formant bout (7) et une 45 
lumiere (3), 

ladite partie principale (6) dudit corps de cathe- 
ter etant constituee dudit tube interieur et dudit 
tube exterieur, so 
ledit bout (7) dudit corps de catheter etant 
constitue de la partie dudit tube exterieur (5) 
qui s'etend depuis I'extremite distale dudit tube 
interieur (4), caract6ris6 en ce qu'un certain 
nombre de microtrous sont pr6vus uniquement 55 
a travers la paroi du tube interieur dans I'extre- 
mite distale du tube interieur afin d'accroTtre la 
souplesse de I'extremite distale du tube inte- 
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FIELD OF THE INVENTION 

The present invention relates to a vascular catheter used for intravascular surgical operation, highly 
localized injection of medicine such as anticancer drugs, and angiography. 

5 

BACKGROUND OF THE INVENTION 

Medical treatment using vascular catheters is developing to smaller and smaller blood vessels as from 
the heart to the brain. Lesions of the brain blood vessels are aneurysm, arteriovenous malformation (AVM) 
w and dural arteriovenous fistula (DAVF), for example. Demand for a vascular catheter for treating or 
examining such lesions of blood vessels is more and more increasing. 

A vascular catheter for this purpose must be inserted to the intended part of a blood vessel being 
passed in complicatedly bent or branched blood vessels. 

For an intravascular surgical operation called emboluation technique conducted for treating lesions in 
75 the brain blood vessels such as aneurysm and arteriovenous malformation, for example, the distal end of a 
small-diameter vascular catheter is inserted to or near the lesions in the brain. Then, a liquid embolizing 
material such as cyanoacrylate or dimethylsulfoxide solution of ethylene-vinyl alcohol copolymer, a granular 
embolizing material such as granules of polyvinyl alcohol) or a expanding member such as coil is injected 
from the distal end of the catheter. 
20 For such a small-diameter vascular catheter, high manipulability to insert it easily and quickly up to a 
target lesion passing in complicatedly bent or branched small blood vessel is required in addition to the 
chemical and biological safety required for common vascular catheters. 

To have high manipulability, a small-diameter vascular catheter must have the following four properties. 
The first property is that the catheter can convey the pushing force in the direction of the axis added to 
25 the proximal end portion by the operator up to the distal end or has so called pushability. 

The second property is that the catheter can convey the turning force around the axis added to the 
proximal end portion up to the distal end or has so called turnability. 

The third property is that the catheter can be advanced in blood vessels along the guide wire inserted 
beforehand easily and without causing damage to the wall of the blood vessels or has so called pliability. 
30 The fourth property is that the catheter does not kink at bents (curves and crooks) in blood vessels after 
the guide wire is removed or has reluctance to kinking. 

A vascular catheter having a catheter body of the double-tube structure made up of a comparatively 
rigid inner tube and a comparatively soft and flexible outer tube covering the outside surface of the inner 
tube and having the distal end portion extending beyond the distal end of the inner tube and forming the tip 
35 of the catheter body was developed and currently used. 

In more detail, U.S. Patent 4,385,635 discloses a vascular catheter in which the inner tube is formed of 
polyamide and the outer tube is formed of polyurethane and the distal end portion is tapered so that the 
inner diameter becomes gradually smaller to the distal end. This catheter has a problem that it kinks easily 
at the boundary between the two-tube portion and the single tube portion because of the abrupt change of 
40 the rigidity at the boundary. 

Japanese utility model application published under Publication No. 17082/1987 discloses a vascular 
catheter which uses the outer tube formed of silicone rubber and the inner tube formed of a hard synthetic 
resin selected from among polyethylene, polypropylene, fluororesin and hard vinyl chloride. In this catheter, 
a step of the height equal to the wall thickness of the inner tube is formed in the lumen at the boundary 
45 between the two-tube portion and the single tube portion. Because of the step, this catheter kinks easily at 
the boundary and hence has small reluctance to kinking. 

Further, a vascular catheter recently put to practical use which uses the inner tube formed of 
polypropylene and the outer tube formed of ethylene-vinyl acetate copolymer has also the same problem of 
small reluctance to kinking. 

50 

SUMMARY OF THE INVENTION 

The object of this invention is to provide a vascular catheter of a double-tube structure which has 
improved easiness of insertion, flexibility to bend along a guide wire or blood vessel, reluctance to kink, and 
55 manipulability and can be used for small blood vessels. 

The vascular catheter of the present invention is a vascular catheter comprising a flexible slender 
catheter body which is made up of an inner tube formed of a synthetic resin and an outer tube formed of a 
synthetic resin covering the outside surface of the inner tube and has a lumen, said catheter body has a 
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main portion and a tip portion, the main portion of the catheter body is made up of the inner and outer 
tubes, the tip of the catheter body is made up of the portion of said outer tube extending from the distal end 
of the inner tube, and the inner tube has one or more grooves, slots or slits or a number of microholes in 
the distal end portion. 

5 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a plan view of an embodiment of the vascular catheter of an embodiment of the present 
invention. 

w Fig. 2 is a longitudinal sectional view of the vascular catheter shown in Fig. 1. 

Fig. 3 is an enlarged longitudinal sectional view of the distal end portion of the vascular catheter shown 
in Fig. 1. 

Fig. 4 is an enlarged longitudinal sectional view of the distal end portion of the vascular catheter of 
another embodiment of the present invention. 
15 Fig. 5 is an enlarged longitudinal sectional view of the distal end portion of the vascular catheter of 
another embodiment of the present invention. 

Fig. 6 is a partially broken external view of the distal end portion of the catheter shown in Fig. 5. 

Fig. 7 is a partially broken external view of the distal end portion of the vascular catheter of another 
embodiment of the present invention. 
20 Fig. 8 is an enlarged longitudinal sectional view of the distal end portion of the vascular catheter of 
another embodiment of the present invention. 

Fig. 9 is a partially broken external view of the distal end portion of the catheter shown in Fig. 8. 

Fig. 10 is a partially broken external view of the distal end portion of the vascular catheter of another 
embodiment of the present invention. 

25 

DETAILED DESCRIPTION 

The vascular catheter of the present invention is illustrated below in detail with the preferred embodi- 
ments shown in the attached drawings. 

30 Fig. 1 is a plan view of an embodiment of the vascular catheter of the present invention. Fig. 2 is a 
partial longitudinal sectional view of the vascular catheter shown in Fig. 1 which shows the proximal and 
distal end portions of the catheter. Fig. 3 is an enlarged longitudinal sectional view of the distal end portion 
of the vascular catheter shown in Fig. 1 with the radial dimension enlarged at a larger ratio than the axial 
dimension in order to show the structure clearly. 

35 The vascular catheter 1 of the present invention comprises a catheter body 2 and a hub 1 1 attached to 
the proximal end 21 of the catheter body 2 as shown in Figs. 1 and 2. 

The catheter body 2 has a lumen 3 formed from the proximal end 21 to the distal end 22. When the 
vascular catheter 1 is inserted into the blood vessel of a patient, a guide wire is passed through the lumen 
3. The lumen 3 serves as the conduit for medicine or other liquid after the catheter is inserted. The hub 11 

40 serves as the entrance for a guide wire and the inlet for medicine or other liquid into the lumen 3. The hub 
1 1 is also used as the grip for manipulating the vascular catheter 1 . 

The catheter body 2 consists of a base or main portion 6 and a tip portion 7. The main portion 6 has a 
double-tube structure formed by an inner tube 4 and an outer tube 5 closely fitted over and bonded to an 
outside surface of the inner tube 4. The tip 7 of the catheter is formed by the outer tube 5 alone, that is, by 

45 a distal end portion of the outer tube 5 which extends beyond a distal or tip end of the inner tube 4. 

In the embodiment shown in Fig. 3, a helical groove 9A is formed in the inside surface of the distal end 
portion of the inner tube 4 over an appropriate length from the distal end toward the proximal end. Since the 
wall thickness of the inner tube 4 is thinner at the bottom of the groove 9A and the width of the groove 9A 
changes (widens or narrows) when the grooved portion is subjected to an external force thereby decreasing 

50 the stress in the wall, the entire grooved portion becomes more flexible. Therefore, the bending force 
applied to the distal end portion of the catheter when the distal end is passed through bends in blood 
vessel is dispersed into a larger portion (the grooved portion) and kink at the boundary portion between the 
comparatively rigid main portion 6 of the double-tube structure and the comparatively flexible tip 7 of the 
single-tube structure caused by the concentration of stress can be prevented. 

55 In the embodiment shown in Fig. 3, the pitch of the groove 9A becomes gradually smaller toward the 
distal end 22. By thus forming the groove 9A, the flexibility of the catheter body 2 increases gradually 
toward the distal end 22, and kink at the aforementioned boundary can be prevented with higher reliability. 
The pitch may be uniform throughout the length of the groove 9A. 
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The pitch of the helix of the groove 9A is preferably smaller than the outer diameter of the inner tube 4, 
and more preferably within the range of about 2/3 to 1/5 of the outer diameter of the inner tube 4. if the 
pitch is greater than the outer diameter of the inner tube 4, bending force is not adequately dispersed, and 
hence kink can occur at the grooved portion against the purpose. If the pitch is smaller than 1/5 of the outer 

5 diameter of the inner tube 4, on the other hand, the durability of the distal end portion of the inner tube 4 
noticeably decreases and this portion can rapture or break. 

The pitches of groove 9A is preferably that the smaller at the distal end portion of the groove and larger 
at the proximal end portion, and the pitch more preferably becomes gradually smaller toward the distal end. 
By thus forming the helical groove 9A, the flexibility of the portion around the distal end of the inner tube 4 

w increases more smoothly toward the distal end, which allows this portion of the catheter body 2 to bend in 
smooth curves and thereby improves the manipulability of the catheter. 

The pitch is preferably within the range of about 0.1 to 0.5 mm for the distal end portion of the groove 
9A and about 0.5 to 2.0 mm for the proximal end portion. The pitch of the middle portion may be an 
intermediate value between the pitches of both end portions or may become gradually smaller from the 

75 pitch of the proximal end portion to that of the distal end portion. 

The depth of the groove 9A is preferably equal to or greater than 50 percent of the wall thickness of the 
inner tube 4 and more preferably equal to or greater than 80 percent of the same. The width of the groove 
9A is preferably about 10 to 100 urn and more preferably about 10 to 50 urn taking into consideration the 
flexibility and the durability, though there is no definite limit. 

20 The length of the grooved portion of the inner tube 4 is preferably within the range of about 5 to 20 
times the outer diameter of the inner tube 4 and more preferably within the range of about 10 to 20 times 
the same. 

The groove 9A may be formed from the distal end of the inner tube 4 or from a position at an 
appropriate distance from the distal end of the inner tube 4 as the groove 9A of the embodiment shown in 
25 Fig. 3. The distance between the distal end of the inner tube 4 and that of the groove 9A is preferably about 
1.0 mm and more preferably 0.5 mm. The catheter of this embodiment has one groove 9A, but two or more 
grooves may be formed the distal end portion of the inner tube. 

The distal end portion of the inner tube 4 with the groove 9A formed in the inside surface may not be 
bonded to the inside surface of the outer tube 6. When the distal end portion of the inner tube 4 is not 
30 bonded to the to the outer tube 6, the distal end portion of the catheter body 2 has a higher flexibility. 

In this embodiment, the inner diameter of the catheter body 2 (diameter of the lumen 3) is substantially 
uniform throughout the length of the main portion 6. The outer diameter of the catheter body 2, on the other 
hand, is substantially uniform throughout the almost entire length of the main portion 6 except the distal end 
portion (an appropriate length of portion from the distal end). 
35 The distal end portion of the main portion 6 and the corresponding distal end portion of the inner tube 4 
become gradually thinner in wall thickness to their distal ends so that this portion of the catheter body 2 
gradually tapers to the distal end of the main portion 6 as shown in Fig.3. 

Further, in this embodiment, the distal end of the inner tube 4 is formed in a comparatively steep taper 
10, and hence the outer diameter and wall thickness of this tapered end become smaller abruptly. As the 
40 result, the inner diameter of this portion of the outer tube 5 becomes smaller at the large diminishing rate, 
while the outer diameter decreases gradually as described above. 

The tip portion 7 of the catheter 1 is formed by the distal end portion of the outer tube 5 which extends 
beyond the distal end of the inner tube 4. The outer diameter of the tip 7 becomes gradually smaller toward 
the distal as shown in Fig.1, and the wall thickness of the tip 7 also decreases gently toward the distal end, 
45 as shown in Fig. 3. 

By thus gently tapering the outside surface of the distal end portion of the main portion 6 and tip 7 
toward the distal end along the axis and moreover decreasing the wall thickness of these portions of the 
inner and outer tubes 4 and 5 so that the diameter of the lumen 3 is substantially uniform or decreases at a 
smaller diminishing rate to the distal end of the catheter, the vascular catheter of the present invention has 

50 the following advantages: the rigidity of the catheter body 2 smoothly decreases to the distal end, and 
hence kink at the boundary between the tip 7 and the main portion 6 (boundary between the single-tube 
and double-tube structure portions) can be prevented with higher reliability; no step is formed in the outside 
surface at the boundary between the tip 7 and the main portion 6, and accordingly the catheter can be 
easily inserted into blood vessel without being caught by the entrance opening of a catheter guide or 

55 exerting excessive stimuli on the blood vessel or causing damage to the wall of the blood vessel; and the 
lumen 3 has a sufficiently large diameter up to the distal end with no narrowing nor step in the inside 
surface at the boundary between the single- and double-tube portions, and hence passing of a guide wire 
through the lumen 3 becomes easier and kink at the boundary is prevented. 
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The vascular catheter of the present invention is not limited to the structure of the catheter body 2 as 
described above, particularly as to the shapes of the inner and outer tubes which become smaller at 
different diminishing rates along the axis of the catheter toward the distal end. For example, the outer 
diameter of the catheter body 2 may be uniform or may become gradually smaller toward the distal end at 
5 a uniform diminishing rate, throughout the length of the catheter body 2. 

When the taper 10 is formed at the distal end of the inner tube 4 as shown in Fig. 3, the tapered region 
is preferably within the range of about 0.5 to 2.0 mm and more preferably within the range of about 0.5 to 
1 .0 mm along the axis of the catheter body. 

There is no particular limitation on the dimensions of the catheter body 2, and the dimensions of the 
ro catheter body 2 can be determined so as to be best suited for the purpose of the catheter. 

For the vascular catheter used for cerebral blood vessel, for example, the entire length of the catheter 
body 2 is preferably about 50 to 200 cm and more preferably about 70 to 150 cm. The length of the tip 7 is 
preferably about 5 to 30 cm and more preferably about 10 to 20 cm. 

The outer diameter of the catheter body 2 at the main portion 6 is preferably within the range of about 
75 0.6 to 2.0 mm and more preferably within the range of about 0.7 to 1.2 mm. The outer diameter of the tip 7 
is preferably within the range of about 0.3 to 1.0 mm and more preferably within the range of about 0.6 to 
0.9 mm. 

The inner diameter of the main portion 6 is preferably within the range of about 0.2 to 1.6 mm and more 
preferably within the range of about 0.3 to 0.9 mm. The inner diameter of the tip 7 is preferably within the 
20 range of about 0.2 to 0.7 mm and more preferably within the range of about 0.3 to 0.6 mm. 

The wall thickness of the outer tube 5 at the main portion 6 is preferably within the range of about 0.05 
to 0.3 mm and more preferably within the range of about 0.05 to 0.2 mm. The wall thickness of the tip 7 is 
preferably about 0.05 to 0.4 mm and more preferably abut 0.07 to 0.3 mm. The wall thickness of the inner 
tube 4 is preferably within the range of about 0.05 to 0.5 mm and more preferably within the range of 0.08 
25 to 0.3 mm. 

The vascular catheter 30 shown in Fig. 4 has another form of the groove in the inner tube. The groove 
31 is a helical groove whose width becomes gradually larger toward the distal end. By forming such a 
helical groove 31, the flexibility of the portion around the distal end of the inner tube 4 increases more 
smoothly toward the distal end, which allows this portion of the catheter body 2 to bend in smooth curves 

30 and improves the manipulability of the catheter. 

The width of the groove 31 is appropriately determined according to the outer diameter of the inner 4. 
In relation to the outer diameter of the inner tube 4, the width of the groove 31 is preferably within the range 
of about 1/2 to 2 times of the outer diameter of the inner tube. For a preferred embodiment, the width of the 
groove 31 is preferably within the range of about 1.0 to 2.0 mm for the distal end portion of the groove 31 

35 and about 0.1 to 0.5 mm for the proximal end portion. If the width of the groove 31 is within this range, the 
catheter body 2 has adequate flexibility without breaking of the inner tube 4 during use. 

The pitch of the groove 31 is uniform throughout the length of the groove 31. The pitch of the groove 
31 may change along the length of the groove and become gradually smaller toward the distal end as that 
of the groove 9A of the embodiment shown in Fig. 3. The pitch may also become discontinuously smaller 

40 toward the distal end. 

The inner tube 4 is preferably formed of a comparatively rigid synthetic resin material. The material 
usable for the inner tube 4 includes synthetic resins such as polyolefin (polyethylene, polypropylene, 
ethyiene-vinyl acetate copolymer, etc.), polyamide, polyester (polyethylene-terephthalate, poiybutylene- 
terephthalate, etc.), polyvinyl chloride), polyurethane, polystyrene resin, fluororesin (polytetrafluoroethylene, 

45 etc.) and polyimide, and synthetic resin elastomers such as silicone rubber, polyamide elastomer, polyester 
elastomer, polyvinyl chloride) elastomer and polyurethane elastomer. Of these materials, elastomers are 
preferable, and especially polyamide elastomer and polyester elastomer are preferable. 

By using at least one of these materials, the inner tube 4 with appropriate flexural elasticity and high 
solvent resistance is prepared. 

50 When an elastomer is used, the inner tube 4 expands or contracts elastically as a spring in the direction 
of the axis and thereby increases the flexural elasticity of the catheter body 2. The catheter body 2, with the 
increased flexural elasticity, can bend more easily in smooth curves along blood vessel, and kink at the 
boundary between the single- and double-tube portions is prevented with higher reliability. 

Further, polyamide elastomer and polyester elastomer have comparatively high rigidity at around room 

55 temperature giving the catheter body 2 higher pushability and turnability, and become flexible at around 
body temperature giving catheter body 2 higher flexibility and hence improved pliability and reluctance to 
kinking after the catheter is inserted in the body of a patient. 
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A typical polyamide elastomer is block copolymer of nylon 6, nylon 64, nylon 66, nylon 610, nylon 612, 
nylon46. nylon 9, nylon 11, nylon 12, N-alkoxym ethyl modified nylon, or aliphatic or aromatic polyamide 
(hexamethylenediamineisopthalic acid condensation polymer, metaxloildiamineadipic acid condensation 
polymer, etc.) as the hard segment and a polymer such as polyester or polyether as the soft segment. 
Further, polyamide elastomer here includes a polymer alloy (polymer blend, graft polymer and random 
polymer) of the above-mentioned polyamide elastomer and one or more soft resins, the above-mentioned 
polyamide softened with a plasticizer, and a mixture of them. For the plasticizer, one difficult to be extracted 
with solvents or blood is preferable. 

A typical polyester elastomer is block copolymer of saturated polyester (polyethylene-terephthalate, 
polybutylene-terephthalate, etc.) and polyester or polyether. Further, polyester elastomer here includes a 
polymer alloy of the above-mentioned polyester elastomer and one or more soft resins, the above- 
mentioned polyester softened with a plasticizer, and a mixture of them. 

Various additives such as alloying agent, compatibilizer, hardening agent, softening agent, stabilizer and 
coloring agent may be added to the above-mentioned elastomers if necessary. 

A thermoplastic elastomer is preferable, because forming of the inner tube 4 is easier. 

The inner tube 4 is normally formed of a uniform material for the whole, but may be formed of different 
materials for appropriately determined portions. 

The outer tube 5 is preferably formed of a comparatively soft synthetic resin material than the synthetic 
resin material of the inner tube 4. The outer tube 5 is preferably more soft than the inner tube 4. 

The resin material usable for the outer tube 5 includes synthetic resins such as polyolefin (polyethylene 
(especially low density polyethylene), polypropylene, ethylene-vinyl acetate copolymer, etc.), polyamide, 
polyester (polyethylene-terephthalate. polybutylene-terephthalate, etc.), polyurethane, polystyrene resin, 
fluororesin (polytetrafluoroethylene, etc.) and polyimide, and synthetic resin elastomers such as above- 
mentioned polyamide elastomer, above-mentioned polyester elastomer, polyurethane elastomer, polyvinyl 
chloride) elastomer, polystyrene elastomer, fluoroelastomer, silicone rubber and latex robber. 

In these materials, elastomers are preferable, and especially polyamide elastomer and polyester 
elastomer are preferable. The most preferable elastomer is polyester elastomer. 

A thermoplastic elastomer is preferable, because forming of the outer tube 5 is easier. 

By using at least one of these materials, the outer tube 5 with softness, appropriate flexural elasticity 
and high solvent resistance is prepared. 

The outer tube 5 is normally formed of a uniform material for the whole, but may be formed of different 
materials for appropriately determined portions. 

The rigidity (buckling strength) (ASTM D-790, at 23 *c) of the material for the inner tube 4 is preferably 
within the range of 1,500 to 15,000 kg/cm 2 and more preferably 2,000 to 8,000 kg/cm 2 . If the buckling 
strength of the material is less than 1,500 kg/cm 2 , the catheter body 2 is too flexible to convey pushing 
force in the direction of the axis and turning force around the axis from the proximal portion to the distal end 
22. On the other hand, if the buckling strength is greater than 15,000 kg/cm 2 , the catheter body 2 is too 
rigid to bend flexibly along the guide wire and exerts excessive force on the wall of blood vessel. Further, 
the difference between the rigidity of the single-tube and double-tube portions increases and the reluctance 
to kinking at the boundary portion becomes too low. 

The rigidity (buckling strength) (ASTM D-790, at 23 *c) of the material for the outer tube 5 is preferably 
within the range of 5 to 1,500 kg/cm 2 and more preferably 300 to 800 kg/cm 2 . If the buckling strength of the 
material is less than 5 kg/cm 2 , the catheter body 2 is too flexible to convey pushing force in the direction of 
the axis and turning force around the axis from the proximal portion to the distal end 22. Further, the 
difference between the rigidity of the single- and double-tube portions increases and the reluctance to 
kinking at the boundary becomes too low. 

The difference between the rigidity (buckling strength) (ASTM D-790, at 23 -c) of the materials for the 
inner and outer tubes 4 and 5 is preferably within the range of 100 to 14,000 kg/cm 2 and more preferably 
100 to 3,000 kg/cm 2 . 

In the catheter of this embodiment, substantailly entire outside surface of the inner tube 4 is in close 
contact with and bonded to the inside surface of the outer tube 5. The methods usable for bonding the inner 
tube 4 and the outer tube 5 are adhering with an adhesive or solvent, welding by heating, and inserting the 
inner tube 4 into the outer tube 5 swollen with a solvent, for example. Although the inner tube 4 is entirely 
bonded to the outer tube 5 in this embodiment, the distal end portion (grooved portion) of the inner tube 4 
may not be bonded to the outer tube 5. The method for bonding the inner tube 4 and the outer tube 5 
without bonding the distal end portion of the inner tube 4 is subjecting the inner and outer tubes 4 and 5 to 
the bonding process after applying to the distal end portion of the inner tube 4 an appropriate substance 
(such as silicone, for example silicone oil) which prevents the tubes from bonding together. 
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The outside surface of the catheter body 2 is preferably coated with a hydrophilic (or water soluble) 
high-molecular substance. The hydrophilic substance becomes lubricous and decreases the coefficient of 
friction between the catheter body 2 and blood vessel when it comes into contact with blood or physiologic 
saline, significantly increasing the easiness of insertion, flexibility to bend along a guide wire or blood 
5 vessel, reluctance to kink of the catheter body 2. 

For the hydrophilic high-molecular substance for this purpose, the following natural and synthetic high- 
molecular substances and their derivatives can be used. 

{Natural High-Molecular Substance) 

10 

1 . Starch related substance 


Example: Carboxymethyl starch, Dialdehyde starch 

2. Cellulose related substance 

75 Example: CMC (Carboxymethyl cellulose), MC (Methyl cellulose), HEC (hydroxyethyl cellulose), 

HPC (hydroxypropyl cellulose) 

3. Tannin and lignin and related substance 
Example: Tannin, Lignin 

4. Polysaccharide related substance 

20 Example: Alginic acid, Gum arabic, Gua gum, Tragacanth gum 

5. Protein 

Example: Gelatin, Casein, Glue, Collagen 


(Synthetic Water-Soluble High-Molecular Substance) 


25 


1 . PVA related substance 
Example: Polyvinyl alcohol) 

2. Polyethylene oxide related substance 

Example: Polyethylene oxide, Polyethylene glycol 
30 3. Acrylic acid related substance 

Example: Polyacrylic acid soda 

4. Maleic anhydride related substance 

Example: Methyl vinyl ether-maleic anhydride copolymer 

5. Phthalic acid related substance 

35 Example: Polyhydroxyethyl-phthalic acid ester 

6. Water-soluble polyester 

Example: Polydimethylol-propionic acid ester 

7. Ketone aldehyde resin 

Example: Methylisopropylketone-formaldehyde resin 
40 8. Aery lam ide 

Example: Polyacrylamide 

9. PVP 

Example: Polyvinyl pyrrolidone) 

10. Polyamine 

45 Example: Polyethyleneimine 

1 1 . Polyelectrolyte 

Example: Polystyrene sulfonate 

12. Others 

Example: Water-soluble nylon 

50 Of the above substances, cellulose-derived high-molecular substance (hydroxypropyl cellulose, for 
example), polyethylene oxide-derived high-molecular substance (polyethylene glycol, for example), maleic 
anhydride-derived high-molecular substance (maleic anhydride copolymer such as methyl vinyl ether- 
maleic anhydride copolymer), acrylamide-derived high-molecular substance (polyacrylamide, for example), 
water-soluble nylon (AQ-nylon P-70 from Toray, for example) are preferable, because a small coefficient of 

55 friction is obtained stably. 

Derivatives of the above high-molecule substances usable for this friction reduction are not limited to 
water-soluble derivatives only and may be insoluble derivatives which have each of the above hydrophilic 
high-molecule substances as their basic structure and a degree of freedom in molecular chains to contain 
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combined water. 

Therefore, derivatives usable for the friction reduction include ester, salt, amide, anhydride, hahde, 
ether, hydrolysate, acetal, formal, alkylol. quaternary compound, diazo, hydrazide, sulfonated compound, 
nitro and ion complex obtained by condensation, addition, substitution, oxidation and reduction reaction, 
compound produced by cross-linking with substances which have more than two reactive functional groups 
such as diazonium group, azido group, isocyanate group, acid chloride group, acid anhydride group, imino 
carbonate group, amino group, carboxyl group, epoxy group, hydroxyl group and aldehyde group, vinyl 
compound, and compound obtained by copolymerization with acrylic acid, methacrylic acid, diene com- 
pound and maleic anhydride. 

The coating of such a hydrophilic high-molecular substance is preferably fixed to the outside surface of 
the catheter body 2 by bonding the high-molecular substance with the reactive functional group which 
exists or is introduced in the catheter body 2 or on the surface of the catheter body 2 by covalent bond. By 
thus fixing the coating of a hydrophilic high-molecular substance to the outside surface of the catheter body 
2, a durable lubricous surface is obtained. 

The reactive functional group which exist or is introduced in the catheter body 2 or on the surface of the 
catheter body 2 may be any group" which reacts with the high-molecular substance to bond or cross link, 
such as diazonium group, azido group, isocyanate group, acid chloride group, acid anhydride group, imino 
carbonate group, amino group, carboxyl group, epoxy group, hydroxyl group and aldehyde group. 
Isocyanate group, amino group, epoxy group and hydroxyl group are preferable. 

The average molecular weight of the hydrophilic high-molecular substance used for the friction 
reduction is preferably within the range of 30,000 to 50,000. though there is no particular limit. By using a 
hydrophilic high-molecular substance of an average molecular weight within this range, a lubricous coating 
with a high lubricity, a preferable thickness, and a preferable degree of swelling when containing water can 
be formed. 

The thickness of the lubricous coating is preferably within the range of 0.1 to 100 urn and more 
preferably 1 to to 30 urn, though there is no particular limit. 

For the composition of the hydrophilic high-molecular substance used and the method for forming the 
coating, those disclosed by Japanese patent application laid open under Provisional Publication No. 
106778/1978, U.S. Patent No. 4100309, Japanese patent application laid open under Provisional Publication 
No. 259269/1985, and Japanese patent application published under Publication No. 33181/1989 can be 
used. 

Next, the vascular catheter of the embodiment shown in Fig. 5 is described. 

Fig. 5 is an enlarged cross-sectional view of the distal end portion of the vascular catheter of another 
embodiment of the present invention. Fig. 6 is a partially broken external view of the distal end portion of 
the vascular catheter shown in Fig. 5. The same parts as those of the catheter shown in Fig. 3 are 
designated by the same numerals and the description of them is omitted. 

The catheter 40 has almost the same structure as the catheter 1 shown in Fig. 3. The difference 
between their structures is that the catheter 40 has a helical slit or slot 9B instead of the helical groove 9A 
of the catheter 1. The helical slot 9B is formed through the wall of the inner tube 4 from the inside surface 
to the outside surface. Since the width of the slot 9B can change more easily than that of the groove 9A, 
the flexibility of the portion provided with the helical slot 9B is greater than that of the portion provided with 
the helical groove 9A as shown in Fig. 3, though the strength becomes smaller. 

The width of the helical slot 9B of the catheter 40 of this embodiment is appropriately determined by 
taking into account the outer diameter of the inner tubes 4. It is preferably within the range of about 1/5 to 2 
times of the outer diameter of the inner tube 4. For a preferred embodiment, the width of the slot 9B is 
preferably within the range of about 0.1 to 2.0 mm. If the width of the slot 9B is within this range, the 
catheter has adequate flexibility without occurrence of breaking of the inner tube 4 during use. 

The pitch of the slot 9B becomes gradually smaller toward the distal end as shown in Figs. 5 and 6. 
The pitch of the slot 9B may become discontinuously smaller toward the distal end. 

The slot may also have the shape as that of the slot 51 of the catheter 50 shown in Fig.7. In this 
embodiment, the width of the slot 51 is greater at the distal end portion of the slot 51 and smaller at the 
proximal end portion. By forming the slot in this shape, the flexibility of the portion provided with the slot 
increases gradually toward the distal end, and hence the portion around the distal end of the inner tube 4 
bend more easily in smooth curves to improve the manipulability of the catheter. 

The width of the helical slot 51 of the catheter 50 is determined by taking into account the diameter of 
the inner tube 4 and other factors. The width of the slot is preferably within the range of about 1/2 to 2 
times of the outer diameter of the inner tube 4. For a preferred embodiment, the width of the slot 51 is 
preferably within the range of about 1.0 to 2.0 mm for the distal end portion and within the range of about 
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0.1 to 0.5 mm for the the proximal end portion. If the width of the slot is within this range, the catheter has 
adequate flexibility and there is no occurrence of breaking of the inner tube 4 during use. 

The pitch of the slot 51 is uniform throughout the length of the slot. The pitch of the slot 51 may 
become gradually smaller toward the distal end as that of the slot 41 of the embodiment shown in Fig. 6 or 
5 may become discontinuously smaller toward the distal end. The catheters 40 and 50 has one slot 41 or 51, 
but two or more slot may be formed the distal end portion of the inner tube. 
Next, the vascular catheter of the embodiment shown in Fig. 8 is described. 

Fig. 8 is an enlarged longitudinal sectional view showing the structure of the distal end portion of 
another embodiment of the vascular catheter of present invention. Fig. 9 is a partially broken external view 

10 of the distal end portion of the vascular catheter shown in Fig. 8. The same parts as those of the catheter 
shown in Fig. 3 are designated by the same numerals and the description of them is omitted. 

The vascular catheter 60 has almost the same structure as the catheter 1 shown in Fig. 3. The 
difference between their structures is that the catheter 60 has a plurality of slits 9C which extend from the 
distal end of the inner tube 4 toward the proximal end substantially in parallel to the axis instead of the 

75 helical groove 9A of the catheter 1 . 

The width of the slits 9C changes (widens or narrows) when the portion having the slits is subjected to 
an external force thereby decreasing the stress in the wall, the entire portion having the slits becomes more 
flexible. Therefore, the bending force applied to the distal end portion of the catheter when the distal end is 
passed through bends in blood vessel is dispersed into a larger portion (the portion having the slits) and 

20 kink at the boundary portion between the comparatively rigid main portion 6 of the double-tube structure 
and the comparatively flexible tip 7 of the single-tube structure caused by the concentration of stress can 
be prevented. 

It may be uniform throughout the length of the slits, but the width of the slits 9C becomes gradually 
smaller toward the proximal end as shown in Fig. 8. 
25 There is no particular limit to the width of the slits 9C, but the width is preferably within the range of 
about 0.2 to 1.0 mm and more preferably within about 0.3 to 0.7 mm for the slits 9C of a uniform width, and 
preferably within the range of about 0.3 to 1 .0 mm and more preferably within about 0.7 to 1 .0 mm at the 
distal end for the slits 9C of a tapered width. 

The number of the slits 9C is preferably within the range of about 3 to 8. The slits 9C are formed at 
30 equal spaces in the circumference of the inner tube 4. 

Longitudinal grooves (depressions) in the direction of the axis may be used instead of the slits 9C. The 
longitudinal grooves may be formed in either side surface of the inner tube 4. 

The helical groove 9A may be formed in either side surface of the inner tube 4. The depth of the 
longitudinal grooves is preferably within the same range as the preferable range for the helical groove 9A of 
35 the embodiment shown in Fig. 3. 

Next, the vascular catheter of the embodiment shown in Fig. 10 is described. 

Fig. 10 is an enlarged partially-broken external view of the distal end portion of another embodiment of 
the vascular catheter of present invention. The same parts as those of the catheter shown in Fig. 3 are 
designated by the same numerals and the description of them is omitted. 
40 The vascular catheter 70 has almost the same structure as the catheter 1 shown in Fig. 3. The 
difference between their structures is that the catheter 70 has a number of microholes 71 in the distal end 
portion of the inner tube 4 instead of the helical groove 9A of the catheter 1 shown in Fig. 3. 

The diameter of the microholes is determined taking into account the number of microholes 71, the 
outer diameter of the inner tube 4 and other factors. The diameter of the microholes 71 is preferably within 
45 the range of about 0.1 to 0.4 mm and more preferably within the range of about 0.2 to 0.3 mm. Relatively to 
the outer diameter of the inner tube 4, the diameter of the microholes 71 is preferably within the range of 
about 1/10 to 1/3 of the outer diameter of the inner tube 4. 

The distance between the microholes 71 is preferably about 0.1 to 0.5 mm when the microholes 71 are 
formed in a uniform density. 

50 The length from the distal end of the inner tube 4 of the region where the microholes 71 are formed is 
determined taking into account the length of the catheter, and preferably within the range of about 5 to 20 
mm and more preferably within the range of about 10 to 20 mm. 

The density of the microholes 71 is preferably greater at the distal end portion than at the proximal end 
portion of the region provided with the microholes 71, and more preferably the density of the microholes 71 
55 becomes gradually greater toward the distal end as shown in Fig. 10. 

When forming the microholes 71 at different densities along the axis, the distance between the 
microholes 71 is preferably within about 0.1 to 0.2 mm for the distal end portion and about 0.3 to 0.5 mm 
for the distal end portion. The density may increase discontinuously or gradually toward the distal end. 
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Further, instead of changing the density of the microholes 71 , the diameter of the microholes 71 may 
be changed so that the diameter of the microholes at the distal end portion is greater than that of the 
microholes at the proximal end portion. 

The shape of the microholes 71 must not be a circle and may be an ellipse (ellipse elongated in the 
5 direction of the axis, for example) or a polygon (rectangular and pentagon, for example). 

The area of each microhole is preferably within the range of about 0.007 to 0.13 mm 2 and the distance 
between microholes is preferably within the range of about 0.1 to 0.5 mm. 

Although the present invention is described above with reference to the embodiments shown in the 
drawings, the present invention is not limited to the structures of those embodiments and includes various 
70 modifications and variations. For example, the distal end portion of the inner tube 4 may be made of a 
material more elastic than that of the other portion of the inner tube 4 in order to increase the flexibility of 
that portion of the inner tube 4. 

Further, the groove, slot, slit, microholes in the inner tube 4 may be filled with the resin material of the 
outer tube 5, though it is preferable that they are substantially left unfilled, more preferable that they make 
75 spaces. The groove, slot, slit or microhole of the inner tube forms a space in the inner tube as showm in 
Figures. 

Next, examples of the vascular catheter of present invention are described below in detail. 
Example 1 

20 

A tubing for the inner tube 4 was formed of a polyamide elastomer which is copolymer of poly- 
tetramethyleneglycol and nylon 12 (Product Name Pebax 7033, Toray Corporation. Buckling strength: 4390 
kg/cm 2 (ASTM D-790 at 23 'c». The outer tube 5 was formed of a polyester elastomer which is copolymer 
of polytetramethyleneoxide and polybutyleneterephthalate (Product Name Hytrel 4077, Toray corporation, 
25 Buckling strength: 720 kg/cm 2 (ASTM D-790 at 23 -c)). 

One end portion of the tubing for the inner tube 4 was heated and drawn into a tapered shape with the 
outer diameter becoming gradually smaller toward the end. 

The end portion of this tapered portion was put over a screw having a projecting helical rib and heated 
from the outside, and the screw was pulled off. Thus a helical groove 9A extending in the direction of the 
30 axis was formed in the inside surface of the inner tube 4. 

The groove 9A was 0.35 mm in width and 0.06 mm in depth on average. The beginning end of the 
groove 9A was 1.0 mm from the distal end (the end of the tapered portion) of the inner tube 4. The length 
of the grooved portion was 10 mm. The pitch of the helix was 0.30 mm at the most distal side and 0.60 mm 
at the most proximal side and became gradually smaller toward the distal end. 
35 The inner tube 4 prepared as above was inserted into the outer tube 5, and both tubes were bonded 
together by heating. Thus a catheter body 2 of the structure as shown in Fig. 3 was made. 

Finally, a hub 11 was attached to the proximal end 21 of the catheter body 2, and the first example of 
the vascular catheter of the present invention was made. 

The dimensions of the catheter body 2 were as follows. 
40 Overall length of the catheter body: 150 cm 

Length of the main portion: 130 cm 

Length of the tip portion: 20 cm 

Outer diameter of the catheter body: 

From the proximal end to 120 cm: 1.1 mm 
45 From 120 cm to 130 cm: Gradually decreases from 1.1 mm to 1.0 mm. 

From 130 cm to the tip end: Gradually decreases from 1.0 to 0.75 mm. 

Inner diameter of the catheter body: 

Main portion: 0.65 mm 

Tip portion: Gradually decreases from 0.65 mm to 0.55 mm 
50 Wall thickness of the inner tube: 

From the proximal end to 120 cm: 0.14 mm 

From 120 cm to 129.9 cm: Gradually decreases from 0.14 mm to 0.08 mm. 
From 129.9 cm to the tip end: Decreases from 0.08 to 0 mm. 

55 Example 2 

Another catheter body of the vascular catheter of the present invention was made in the same manner 
as example 1, except that a helical slot as shown in Fig. 5 instead of the helical groove was formed. Finally, 
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a hub 11 was attached to the proximal end 21 of the catheter body 2, and the second example of the 
vascular catheter of the present invention was made. 

The helical slot was 0.35 mm in width on the average. The beginning end of the slot was 1.0 mm from 
the distal end of the inner tube 4. The length along the axis of the portion provided with the helical slot was 
5 10 mm. The pitch of the helix was 0.30 mm at the most distal side and 0.60 mm at the most proximal side 
and became gradually smaller toward the distal end. 

Example 3 

w Another catheter body of the vascular catheter of the present invention was made in the same manner 
as in example 1, except that slits as shown in Fig. 8 instead of the helical groove were formed. Finally, a 
hub 11 was attached to the proximal end 21 of the catheter body 2, and the third example of the vascular 
catheter of the present invention was made. 

The slits 9C were 5 mm in length in the direction of the axis and became gradually wider to the distal 

75 end of the inner tube 4. The width of the slits were 0.08 mm at the proximal end and 0.2 mm at the 
proximal end. Six slits were formed at equal spaces in the circumference of the inner tube 4. 

Example 4 

20 The fourth example of the vascular catheter of the present invention was made in the same manner as 
in example 1, except that longitudinal grooves (depressions in the direction of the axis) instead of the helical 
groove were formed in the inside surface of the inner tube 4. 
The depth of the grooves were 0.06 mm on average. 

25 Comparison Example 

A vascular catheter for comparison was made in the same manner as in example 1, except that no 
groove was formed in the inner tube. 

30 Test 

The vascular catheters of examples 1 to 4 and the comparison example were subjected to the following 
bending test to examine the reluctance to kink at the boundary between the single-tube and double-tube 
structures. 

35 The boundary portion of the catheter body of each catheter was pressed around cylinders of different 
outer diameters in water at 37 -c to bend at the curvature of the each cylinder, and the diameter of the 
cylinder when folds occurred in the catheter body was measured (the measurement was repeated 5 times). 
The test result is shown in Table 1 . 


40 


Table I 


45 


50 


55 



Folds Occurred in Catheter Body 

Example 1 

5.0 mm 

Example 2 

4.5 mm 

Example 3 

5.5 mm 

Example 4 

5.7 mm 

Com. Ex. 

7.0 mm 


It is known from Table 1 that the vascular catheters of the present invention of examples 1 to 4 endure 
bending of greater curvature than the catheter of the comparison example and have a higher reluctance to 
kink. 

As described above, the vascular catheter of this invention can bend more easily along a guide wire 
and blood vessels than conventional catheters because of the structure of the catheter body having the 
proximal main portion made up of double tubes and the distal tip made up of a single tube and the higher 
flexibility of the distal end portion of the inner tube increased by a helical groove, a helical slot, longitudinal 
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slits, longitudinal groove or microholes. The vascular catheter of this invention hence has a higher 
reluctance to kicking, exerts smaller stimuli on blood vessels, causes less damage to the wall of blood 
vessels, improved manipulability, and higher safety than conventional catheters. 

5 Claims 

1. A vascular catheter comprising a flexible slender catheter body which is made up of an inner tube 
formed of a synthetic resin and an outer tube formed of a synthetic resin covering the outside surface 
of the inner tube and has a main portion, tip portion and a lumen, 

w said main portion of said catheter body is made up of said inner tube and said outer tube, 

said tip of said catheter body is made up of the portion of said outer tube which extends from the 

distal end of said inner tube, and 

said inner tube has one or more grooves, slots or slits extending from or from near the distal end to 

an appropriate position in the direction of the axis. 

15 

2. The vascular catheter of claim 1 wherein said inner tube has at least one helical groove, helical slot or 
helical slit extending from or from near the distal end to an appropriate position in the direction of the 
axis. 

20 3. The vascular catheter of claim 1 wherein said outer tube is formed of a synthetic resin softer than the 
synthetic resin of which said inner tube is formed. 

4. The vascular catheter of claim 1 or 3 wherein said synthetic resin for both or either one of said inner 
and outer tubes is a synthetic resin elastomer. 

25 

5. The vascular catheter of claim 2 wherein the pitch of said helical groove, helical slot or helical slit 
becomes gradually smaller toward the distal end. 

6. The vascular catheter of claim 2 wherein the width of said helical groove, helical slot or helical slit 
30 becomes gradually greater toward the distal end. 

7. The vascular catheter of claim 1 wherein said catheter is a brain blood vessel catheter. 

8. The vascular catheter of claim 1 wherein said groove, slot or slit forms a space in said inner tube. 

35 

9. A vascutar catheter comprising a flexible slender catheter body which is made up of an inner tube 
formed of a synthetic resin and an outer tube formed of a synthetic resin covering the outside surface 
of the inner tube and has a main portion, tip portion and a lumen, 

said main portion of said catheter body is made up of said inner tube and said outer tube, 
40 said tip of said catheter body is made up of the portion of said outer tube which extends from the 

distal end of said inner tube, and 

said inner tube has a number of microholes in the distal end portion. 

10. The vascular catheter of claim 9 wherein said synthetic resin for both or either one of said inner and 
45 outer tubes is a synthetic resin elastomer. 

11. The vascular catheter of claim 9 or 10 wherein the density of the microholes is greater at the distal end 
side than at the proximal end side. 

50 12. The vascular catheter of claim 9 or 10 wherein the area of the microholes is greater at the distal end 
side than at the proximal end side. 

13. The vascular catheter of claim 9 wherein said catheter is a brain blood vessel catheter. 

55 14. The vascular catheter of claim 9 wherein said microholes form spaces in said inner tube. 
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